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Description 

Field of the Invention 

5 [0001] This invention pertains to gas phase polymerization reaction in the presence of a liquid catalyst. More partic- 
ularly, the present invention is directed to a method of feeding a liquid catalyst to a reactor so as to produce a particle 
lean zone in the reactor. 

Background of the Invention 

10 

[0002] Liquid catalysts offer many advantages over conventional solid-supported catalysts. Unsupported liquid cat- 
alysts require less equipment and raw materials to make them and impart fewer impurities to the final polymer product. 
The activity of a liquid catalyst is not adversely influenced by the surface area of a support material. Additional advan- 
tages are encountered when a high-activity unsupported metaliocene catalyst is used for polymerizations in a fluidized 
15 bed reactor. 

[0003] The use of liquid or unsupported catalysts are disclosed in U.S. Patent No. 5,317,036. This patent is directed 
to the use of unsupported, soluble olefin polymerization catalysts, particularly metallocenes in liquid form, in gas phase 
reactions. These catalysts have a droplet size in the range of about 1 to about 1,000 jim. 

[0004] However, when a liquid catalyst is employed in gas phase polymerization, several phenomena can occur. 

20 First, the soluble or liquid catalyst tends to deposition on the resin or polymer forming the fluidized bed which in turn 
leads to accelerated polymerization on the surface of the particles of the bed. As the coated resin particles increase 
in size, they are exposed to a higher fraction of catalyst solution or spray because of their increased cross-sectional 
dimensions. If too much catalyst is deposited on the polymer particles, they can grow so large that they cannot be 
fluidized thereby causing the reactor to be shut down. 

25 [0005] Second, using liquid catalyst under conditions of high catalyst activity, e.g., a liquid metaliocene catalyst, the 
initial polymerization rate is often so high that the newly formed polymer or resin particles can soften or melt, adhering 
to larger particles in the fluidized bed. This needs to be avoided or minimized to avert reactor shutdown. 
[0006] On the other hand, if the polymer particles size is too small, entrainment can occur resulting in fouling of the 
recycle line, compressor, and cooler and increased static electricity leading to sheeting can result. 

30 [0007] Accordingly, there is a need to control growth in polymer particle size when using a liquid catalyst in a gas 
phase fluidized polymerization process. 

SUMMARY OF THE INVENTION 

35 [0008] Surprisingly, the present invention provides a method for controlling growth in polymer particle sized when 
using a liquid catalyst in gas phase fluidized polymerization. The present invention provides a process for producing 
a polymer in a gas fluidized bed reaction vessel having a polymerization zone containing a bed of growing polymer 
particles under polymerization conditions which comprises: 

*o (i) continuously or intermittently introducing one or more monomers, optionally at least one diene, optionally at 

least one inert particulate material, and optionally one or more inert gases into the polymerization zone; 

(ii) continuously or intermittently introducing into the reaction vessel an unsupported polymerization catalyst in 
liquid form without immediately contacting the bed of growing polymer particles so as to provide a particle lean zone; 

(iii) continuously or intermittently withdrawing polymeric product from the reaction vessel; and 

45 (iv) continuously withdrawing unreacted monomers and gases from said polymerization and optionally compress- 

ing and cooling said gases while maintaining the temperature within the polymerization zone below the dew point 
of at least one monomer present in the polymerization zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0009] Figures 1-4 depict injection tube and nozzle configurations employed in the examples, which tubes and noz- 
zles used to spray the liquid catalyst into a particle lean zone in the fluidized bed of the reactor. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

[001 0] Polymers . Illustrative of the polymers which can be produced in accordance with the invention are the follow- 
ing: ethylene homopolymers and ethylene copolymers employing one or more Cj-C^ alpha olefins; propylene 
homopolymers and propylene copolymers employing one or more C 4 -C 12 alpha olefins; polyisoprene; polystyrene; 
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polybutadiene; polymers of butadiene copolymerized with styrene; polymers of butadiene copolymerized with acrylo- 
nitrile; polymers of isobutylene copolymerized with isoprene ethylene propylene rubbers and ethylene propylene diene 
rubbers; and polychloroprene. 

[0011] Polymerization. The present invention is not limited to any specific type of gas phase polymerization reaction 
5 and can be carried out in a stirred or fluidized bed reactor. The invention can be carried out in a single reactor or multiple 
reactors (two or more reactors in series). In addition to well known conventional gas phase polymerizations processes, 
"condensed mode", including the so-called "induced condensed mode", and "liquid monomer" operation of a gas phase 
polymerization can be employed. 

[001 2] A conventional fluidized bed process for producing resins is practiced by passing a gaseous stream containing 

10 one or more monomers continuously through a fluidized bed reactor under reactive conditions in the presence of a 
polymerization catalyst. Product is withdrawn from the reactor. A gaseous stream of unreacted monomer is withdrawn 
from the reactor continuously and recycled into the reactor along with make-up monomer added to the recycle stream. 
[0013] Condensed mode polymerizations are disclosed in U.S. Patent Nos. 4,543,399; 4,588,790; 5,352,749; and 
5,462,999. Condensing mode processes are employed to achieve higher cooling capacities and, hence, higher reactor 

15 productivity. In these polymerizations a recycle stream, or a portion thereof, can be cooled to a temperature below the 
dew point in a fluidized bed polymerization process, resulting in condensing all or a portion of the recycle stream. The 
recycle stream is returned to the reactor. The dew point of the recycle stream can be increased by increasing the 
operating pressure of the reaction/recycle system and/or increasing the percentage of condensable fluids and decreas- 
ing the percentage of non-condensable gases in the recycle stream. The condensable fluid may be inert to the catalyst, 

20 reactants and the polymer product produced; it may also include monomers and comonomers. The condensing fluid 
can be introduced into the reaction/recycle system at any point in the system. Condensable fluids include saturated 
or unsaturated hydrocarbons. In addition condensable fluids of the polymerization process itself other condensable 
fluids, inert to the polymerization can be introduce to "induce" condensing mode operation. Examples of suitable con- 
densable fluids may be selected from liquid saturated hydrocarbons containing 2 to 8 carbon atoms (e.g., propane, n- 

25 butane, isobutane, n-pentane, isopentane, neopentane, n-hexane, isohexane, and other saturated Cg hydrocarbons, 
n-heptane, n-octane and other saturated Cy and C 8 hydrocarbons, and mixtures thereof). Condensable fluids may also 
include polymerizable condensable comonomers such as olefins, alpha-olefins, diolefins, diolefins containing at least 
one alpha olefin, and mixtures thereof. In condensing mode, it desirable that the liquid entering the fluidized bed be 
dispersed and vaporized quickly. 

30 [0014] Liquid monomer polymerization mode is disclosed, in U.S: Patent No. 5,453,471, U.S. Serial No. 510,375, 
PCT 95/09826 (US) and PCT 95/09827 (US). When operating in the liquid monomer mode, liquid can be present 
throughout the entire polymer bed provided that the liquid monomer present in the bed is adsorbed on or absorbed in 
solid particulate matter present in the bed, such as polymer being produced or fluidization aids (e.g., carbon black) 
present in the bed, so long as there is no substantial amount of free liquid monomer present more than a short distance 

35 above the point of entry into the polymerization zone. Liquid mode makes it possible to produce polymers in a gas 
phase reactor using monomers having condensation temperatures much higher than the temperatures at which con- 
ventional polyolefins are produced. In general, liquid monomer process are conducted in a stirred bed or gas fluidized 
bed reaction vessel having a polymerization zone containing a bed of growing polymer particles. The process comprises 
continuously introducing a stream of one or more monomers and optionally one or more inert gases or liquids into the 

to polymerization zone; continuously or intermittently introducing a polymerization catalyst into the polymerization zone; 
continuously or intermittently withdrawing polymer product from the polymerization zone; and continuously withdrawing 
unreacted gases from the zone; compressing and cooling the gases while maintaining the temperature within the zone 
below the dew point of at least one monomer present in the zone. If there is only one monomer present in the gas- 
liquid stream, there is also present at least one inert gas. Typically, the temperature within the zone and the velocity 

45 of gases passing through the zone are such that essentially no liquid is present in the polymerization zone that is not 
adsorbed on or absorbed in solid particulate matter. 

[0015] Monomers. Monomers that can be employed in the process can include one or more to C 12 alpha-olefins; 
dienes such as those taught in U.S. Patent No. 5,317,036 to Brady et al. such as hexadiene, dicyclopentadiene, nor- 
bornadiene, and ethylidene norbornene; readily condensable monomers such as those taught in U.S. Patent No. 

50 5,453,471 including isoprene, styrene, butadiene, isobutylene, and chloroprene and acrylonitrile. 

[0016] Inert Particulate Materials. The process of the invention can optionally employ inert particulate materials as 
fluidization aids. These inert particulate materials can include carbon black, silica, talc, and clays, as well as inert 
polymeric materials. Carbon black has a primary particle size of 10 to 100 nanometers, an average size of aggregate 
of 0.1 to 10 urn, and a specific surface area of 30 to 1,500 rr^/g. Silica has a primary particle size of 5 to 50 nanometers, 

55 an average size of aggregate of 0.1 to 10 u.m, and a specific surface area of about 50 to 500 rr^/g. Clay, talc, and 
polymeric materials have an average particle size of 0.01 to 10 u.m and a specific surface area of 3 to 30 rr^/g. These 
inert particulate materials are employed in amounts ranging from 0.3 to 80%, preferably 5 to 50%, based on the weight 
of the final product. They are especially useful for the polymerization of sticky polymers as disclosed in U.S. Patent 
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Nos. 4,994,534 and 5,304,588. 

[0017] Chain Transfer Agents and Other Additives. Chain transfer agents, promoters, scavenging agents and other 
additives can be, and often are, employed in the polymerization process of the invention. Chain transfer agents are 
often used to control polymer molecular weight. Examples of these compounds are hydrogen and metal alkyls of the 

5 general formula M 3 R 5 g, where M 3 is a Group IA, IIA or MIA metal, R 5 is an alky! or aryl, and g is 1, 2, or 3. Preferably, 
a zinc alkyl is employed; and, of these, diethyl zinc is most preferred. Typical promoters include halogenated hydro- 
carbons such as CHCI 3 , CFCI 3 , CH 3 CCI 3 , CF 2 CICCI 3 , and ethyltrichloroacetate. Such promoters are well known to 
those skilled in the art and are disclosed in, for example, U.S. Patent No. 4,988,783. Other organometallic compounds 
such as scavenging agents for poisons may also be employed to increase catalyst activity. Examples of these com- 

10 pounds include metal alkyls, such as aluminum alkyls, most preferably triisobutylaluminum. Some compounds may be 
used to neutralize static in the fluidized-bed reactor, others known as drivers rather than antistatic agents, may con- 
sistently force the static to from positive to negative or from negative to positive. The use of these additives is well 
within the skill of those skilled in the art. These additives may be added to the reaction zone separately or independently 
from the liquid catalyst if they are solids, or as part of the catalyst provided they do not interfere with the desired 

15 atomization. To be part of the catalyst solution, the additives should be liquids or capable of being dissolved in the 
catalyst solution. 

[0018] Catalyst. Any type of polymerization catalyst may be used in the present process, provided it is stable and 
sprayable or atomizable when in liquid form. A single liquid catalyst may be used, or a liquid mixture of catalysts may 
be employed if desired. These catalysts are used with cocatalysts and promoters well known in the art. Examples of 
20 suitable catalysts include: 

A. Ziegler-Natta catalysts, including titanium based catalysts such as those described in U.S. Patent Nos. 
4,376,062 and 4,379,758. Ziegler-Natta catalysts are well known in the art, and typically are magnesium/titanium/ 
electron donor complexes used in conjunction with an organoaluminum cocatalyst. 
25 B. Chromium based catalysts such as those described in U.S. Patent Nos. 3,709,853; 3,709,954; and 4,077,904. 

C. Vanadium based catalysts such as vanadium oxychloride and vanadium acetylacetonate, such as described in 
U.S. Patent No. 5,317,036. 

D. Metallocene catalysts. 

E. Cationic forms of metal halides, such as aluminum trihalides. 

30 R Cobalt catalysts and mixtures thereof such as those described in U.S. Patent Nos. 4,472,559 and 4,182,814. 

G. Nickel catalysts and mixtures thereof such as those described in U.S. Patent Nos. 4,155,880 and 4,102,817. 

H. Rare Earth metal catalysts, i.e., those containing a metal having an atomic number in the Periodic Table of 57 
to 103, such as compounds of cerium, lanthanum, praseodymium, gadolinium and neodymium. Especially useful 
are carboxylates, alcoholates, acetylacetonates, halides (including ether and alcohol complexes of neodymium 

35 trichloride), and allyl derivatives of such metals. Neodymium compounds, particularly neodymium neodecanoate, 

octanoate, and versatate, are the most preferred rare earth metal catalysts. Rare earth catalysts are used to pro- 
duce polymers polymerized using butadiene or isoprene. 

[001 9] Preferred among these different catalyst systems are catalyst compositions comprising a metallocene catalyst 
40 jn liquid form and an activating cocatalyst. The practice of this invention is not limited to any particular class or kind of 
metallocene catalyst. Accordingly, the catalyst composition may comprise any unsupported metallocene catalyst useful 
in slurry, solution, bulk, or gas phase olefin polymerization. One or more than one metallocene catalyst may be em- 
ployed. For example, as described in U.S. Patent No. 4,530,914, at least two metallocene catalysts may be used in a 
single catalyst composition to achieve a broadened molecular weight distribution polymer product. 
45 [0020] Metallocene catalysts are organometallic coordination complexes of one or more rc-bonded moieties in asso- 
ciation with a metal atom from Groups 1MB to VIII or the rare earth metals of the Periodic Table. 
[0021] Bridged and unbridged mono-, bis-, and tris-cycloalkadienyl/metal compounds are the most common metal- 
locene catalysts, and generally are of the formula: 

( L )y R \( L ') MX <x-y-i) (,,) 

wherein M is a metal from groups IIIB to VIII of the Periodic Table; L and L' are the same or different and are n-bonded 
ligands coordinated to M, preferably cycloalkadienyl groups such as cyclopentadienyl, indenyl, or fluorenyl groups 
55 optionally substituted with one or more hydrocarbyl groups containing 1 to 20 carbon atoms; R 1 is a C r C 4 substituted 
or unsubstituted alkylene radical, a dialkyl or diaryl germanium or silicon, or an alkyl or aryl phosphine or amine radical 
bridging L and L'; each X is independently hydrogen, an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having 1-20 
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carbon atoms, a hydrocarboxy radical having 1-20 carbon atoms, a halogen, R 2 C0 2 -, or R 2 2 NC0 2 -, wherein each R 2 
is a hydrocarbyl group containing 1 to about 20 carbon atoms; n and m are each 0, 1, 2, 3, or 4; y is 0, 1, or 2; x is 1 , 
2, 3, or 4 depending upon the valence state of M; z is 0 or 1 and is 0 when y is 0; and x-y > 1 . 
[0022] Illustrative examples of metallocene catalysts represented by formula II are dialkyl metallocenes such as bis 

5 (cyclopentadienyl)titanium dimethyl, bis(cyclopentadienyl)titanium diphenyl, bis(cyclopentadienyl)zirconium dimethyl, 
bis(cyclopentadienyl)zirconium diphenyl, bis(cyc!opentadienyl)hafnium methyl and diphenyl, bis(cyclopentadienyl)ti- 
tanium di-neopentyl, bis(cyclopentadienyl)zirconium di-neopentyl, bis(cyclopentadienyl)titanium dibenzyl, bis(cy- 
clopentadienyl)zirconium dibenzyl, bis(cyclopentadienyl)vanadium dimethyl; mono alkyl metallocenes such as bis(cy- 
clopentadienyl)titanium methyl chloride, bis(cyclopentadienyl)titanium ethyl chloride, bis(cyclopentadienyl)titanium 

10 phenyl chloride, bis(cyclopentadienyl)zirconium methyl chloride, bis(cyclopentadienyl)zirconium ethyl chloride, bis(cy- 
clopentadienyl)zirconium phenyl chloride, bis(cyclopentadienyl)titanium methyl bromide; trialkyl metallocenes such as 
cyclopentadienyl titanium trimethyl, cyclopentadienyl zirconium triphenyl, and cyclopentadienyl zirconium trineopentyl, 
cyclopentadienyl zirconium trimethyl, cyclopentadienyl hafnium triphenyl, cyclopentadienyl hafnium trineopentyl, and 
cyclopentadienyl hafnium trimethyl; monocyclopentadienyl titanocenes such as, pentamethylcyclopentadienyl titanium 

15 trichloride, pentaethylcyclopentadienyl titanium trichloride; bis(pentamethylcyclopentadienyl) titanium diphenyl, the 
carbene represented by the formula bis(cyclopentadienyl)titanium=CH 2 and derivatives of this reagent; substituted bis 
(cyclopentadienyl)titanium (IV) compounds such as: bis(indenyl)titanium diphenyl or dichloride, bis(methylcyclopenta- 
dienyl)titanium diphenyl or dihalide; dialkyl, trialkyl, tetraalkyl and pentaalkyl cyclopentadienyl titanium compounds 
such as bis(1,2-dimethylcyclopentadienyl)titanium diphenyl or dichloride, bis(1,2-diethylcyclopentadienyl)titanium 

20 diphenyl or dichloride; silicon, phosphine, amine or carbon bridged cyclopentadiene complexes, such as dimethyl si- 
lyldicyclopentadienyl titanium diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichlo- 
ride, methylenedicyclopentadienyl titanium diphenyl or dichloride and other dihalide complexes, and the like; as well 
as bridged metallocene compounds such as isopropyl(cyclopentadienyl)(fluorenyl)zirconium dichloride, isopropyl(cy- 
clopentadienyl)(octahydrofluorenyl)zirconium dichloride, diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium 

25 dichloride, diisopropylmethylene (cyclopentadienyl)(fluorenyl)-zirconium dichloride, diisobutylmethylene(cyclopentadi- 
enyl)(fluorenyl) zirconium dichloride, ditertbutylmethylene (cyclopentadienyl)-(fluorenyl)zirconium dichloride, cyclohex- 
ylidene(cyclopentadienyl)-(fiuorenyl)zirconium dichloride, diisopropylmethylene (2,5-dimethylcyclopentadienyl)(flu- 
orenyl)zirconium dichloride, isopropyl(cyclopentadienyl)(fluorenyl)hafnium dichloride, diphenylmethylene (cyclopenta- 
dienyl)(fluorenyl)hafnium dichloride, diisopropylmethylene(cyclopentadienyl)(fluorenyl)hafnium dichloride, diisobutyl- 

30 methylene(cyclopentadienyl)(fluorenyl)hafnium dichloride, ditertbutylmethylene(cyclopentadienyl)(fluorenyl)hafnium 
dichloride, cyclohexylidene(cyclopentadienyl )(fluorenyl)hafnium dichloride, diisopropylmethylene(2,5-dimethylcy- 
clopentadienyl) (fluorenyl)hafnium dichloride, isopropyl(cyclopentadienyl)(fluorenyl)titanium dichloride, diphenylmeth- 
ylene(cyclopentadienyl)(fluorenyl)titanium dichloride, diisopropylmethylene(cyclopentadienyl)(fIuorenyl)titanium 
dichloride, diisobutylmethylene(cyclopentadienyl) (fluorenyl)titanium dichloride, ditertbutylmethyiene(cyclopentadi- 

35 enyl)(fluorenyl)titanium dichloride, cyclohexylidene(cyclopentadienyl)(fluorenyl)titanium dichloride, diisopropylmethyl- 
ene(2,5 dimethylcyclopentadienyl fluorenyl)titanium dichloride, racemic-ethylene bis (1-indenyl) zirconium (IV) dichlo- 
ride, racemic-ethylene bis (4,5,6,7-tetrahydro-1-indenyl) zirconium (IV) dichloride, racemic-dimethylsilyl bis (1-indenyl) 
zirconium (IV) dichloride, racemic-dimethylsilyl bis (4,5,6,7-tetrahydro-1-indenyl) zirconium (IV) dichloride, racemic- 
1,1,2,2-tetramethylsilanylene bis (1-indenyl) zirconium (IV) dichloride, racemic-1,1,2,2-tetramethylsilanylene bis 

40 (4,5,6,7-tetrahydro-1-indenyl) zirconium (IV) dichloride, ethylidene (1-indenyl tetramethylcyclopentadienyl) zirconium 
(IV) dichloride, racemic-dimethylsilyl bis (2-methyl-4-t-butyl-1 -cyclopentadienyl) zirconium (IV) dichloride, racemic-eth- 
ylene bis (1-indenyl) hafnium (IV) dichloride, racemic-ethylene bis (4,5,6,7-tetrahydro-1-indenyl) hafnium (IV) dichlo- 
ride, racemic-dimethylsilyl bis (1-indenyl) hafnium (IV) dichloride, racemic-dimethylsilyl bis (4,5,6,7-tetrahydro-1-inde- 
nyl) hafnium (IV) dichloride, racemic-1, 1,2,2- tetramethylsilanylene bis (1-indenyl) hafnium (IV) dichloride, racemic- 

45 1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro-1-indenyl) hafnium (IV), dichloride, ethylidene (1-indenyl-2,3,4,5- 
tetramethyl-1-cyclopentadienyl) hafnium (IV) dichloride, racemic- ethylene bis (1-indenyl) titanium (IV) dichloride, ra- 
cemic-ethylene bis (4,5,6,7-tetrahydro-1-indenyl) titanium (IV) dichloride, racemic-dimethylsilyl bis (1-indenyl) titanium 
(IV) dichloride, racemic- dimethylsilyl bis (4,5,6,7-tetrahydro-1-indenyl) titanium (IV) dichloride, racemic-1 ,1 ,2,2-tetram- 
ethylsilanylene bis (1-indenyl) titanium (IV) dichloride racemic-1, 1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro- 

50 1-indenyl) titanium (IV) dichloride, and ethylidene (1-indenyl-2,3,4,5-tetramethyl-1 -cyclopentadienyl) titanium IV) 
dichloride. 

[0023] Particularly preferred metallocene catalysts have one of the following formulas (III or IV): 
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55 



wherein: 

M is a metal from groups IIIB to VIII, preferably Zr or Hf; 

L is a substituted or unsubstituted, rc-bonded ligand coordinated to M, preferably a substituted cycloalkadienyl 
ligand; 

each Q is independently selected from the group consisting of -0-, -NR 3 -, -CR 3 2 - and -S-, preferably oxygen; 
Y is either C or S, preferably carbon; 

2 is selected from the group consisting of -OR 3 , -NR 3 2 , -CR 3 3 , -SR 3 , -SiR 3 3 , -PR 3 2 , and -H, with the proviso that 
when Q is -NR 3 -then Z is selected from the group consisting of -OR 3 , -NR 3 2 , -SR 3 , -SiR 3 3 , -PR 3 2 , and -H, preferably 
Z is selected from the group consisting of -OR 3 , -CR 3 3> and -NR 3 2 ; 
n is 1 or 2; 

A is a univalent anionic group when n is 2 or A is a divalent anionic group when n is 1 , preferably A is a carbamate, 
carboxyiate or other heteroallyl moiety described by Q, Y and Z combination; and 

each R 3 is independently a group containing carbon, silicon, nitrogen, oxygen, and/or phosphorus and one or more 
R 3 groups may be attached to the L substituent, preferably R 3 is a hydrocarbon group containing from 1 to 20 
carbon atoms, most preferably an alkyl, cycloalkyl or an aryl group; 

T is a bridging group selected from the group consisting of alkylene or arylene groups containing from 1 to 10 
carbon atoms optionally substituted with carbon or heteroatoms, germanium, silicon and alkyl phosphine; and 
m is 1 to 7, preferably 2 to 6, most preferably 2 or 3. 

[0024] The supportive substituent formed by Q, Y and Z is a unicharged polydentate ligand exerting electronic effects 
due to its high polarizability, similar to the cyclopentadienyl group. In the most preferred embodiments of this invention, 
the disubstituted carbamates, 
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and the carboxylates 

10 



-c-cCC > 



20 are employed. 

[0025] Examples of metallocene catalysts according to formulas Ml and IV include indenyl zirconium tris(diethylcar- 
bamate), indenyl zirconium tris(pivalate), indenyl zirconium tris(p-toluate), indenyl zirconium tris(benzoate), (1-meth- 
ylindenyl) zirconium tris(pivalate), (2-methylindenyl) zirconium tris(diethylcarbamate), (methylcyclopentadienyl) zirco- 
nium tris(pivalate), cyclopentadienyl tris(pivalate), and (pentamethylcyclopentadienyl) zirconium tris(benzoate). Pre- 
25 ferred examples of these metallocene catalysts are indenyl zirconium tris(diethylcarbamate) and indenyl zirconium tris 
(pivalate). 

[0026] Another type of metallocene catalyst that can be used in accordance with the invention is a constrained ge- 
ometry catalyst of the formula: 



30 



35 



40 



Cp Y' 



(X*)a m 



wherein: 



M is a metal of Group NIB to VIII of the Periodic Table of the Elements: 
45 Cp is a cyclopentadienyl or substituted cyclopentadienyl group bound in an n, 5 bonded mode to M; 

Z' is a moiety comprising boron, or a member of Group IVB of the Periodic Table of the Elements and optionally 
sulfur or oxygen, the moiety having up to 20 non-hydrogen atoms, and optionally Cp and Z' together form a fused 
ring system; 

X' is an anionic ligand group or a neutral Lewis base ligand group having up to 30 non-hydrogen atoms; 
50 a is 0, 1 , 2, 3 or 4 depending on the valance of M; and 

Y' is an anionic or non-anionic ligand group bonded to Z' and M comprising is nitrogen, phosphorus, oxygen or 
sulfur having up to 20 non-hydrogen atoms, and optionally Y and Z' together form a fused ring system. 



[0027] Constrained geometry catalysts are well known to those skilled in the art and are disclosed in, for example, 
55 U.S. Patent Nos. 5,026,798 and 5,055,438 and published European Application No. 0 416 815 A2. 
[0028] Illustrative but non-limiting examples of substituents Z\ Cp, Y\ X' and M in formula V are: 
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20 



T 


Cp 


Y' 


X' 


M 


dimethylsilyl 


cyclopentadienyl 


t-butylamido 


chloride 


titanium 


methylphenylsilyl 


fluorenyl 


phenylamido 


methyl 


zirconium 


diphenylsilyl 


indenyl 


cyclohexylamido 




hafnium 


tetra methyl ethylene 




0X0 






ethylene 


tetramethylcyclopentadienyl 








diphenylmethylene 











[0029] The activating cocatalyst is capable of activating the metallocene catalyst. Preferably, the activating cocatalyst 
is one of the following: (a) branched or cyclic oligomeric poly(hydrocarbyl-aluminum oxide)s which contain repeating 
units of the general formula -(AI(R*)0)-, where R* is hydrogen, an alkyl radical containing from 1 to about 12 carbon 
atoms, or an aryl radical such as a substituted or unsubstituted phenyl or naphthy! group; (b) ionic salts of the general 
formula [A + ][BR**4"], where A + is a cationic Lewis or Bronsted acid capable of abstracting an alkyl, halogen, or hydrogen 
from the metallocene catalysts, B is boron, and R** is a substituted aromatic hydrocarbon, preferably a perfluorophenyl 
radical; and (c) boron alkyls of the general formula BR**3, where R** is as defined above. 

[0030] Preferably, the activating cocatalyst is an aluminoxane such as methylaluminoxane (MAO) or modified meth- 
ylaluminoxane (MMAO), or a boron alkyl. Aluminoxanes are preferred and their method of preparation is well known 
in the art. Aluminoxanes may be in the form of oligomeric linear alkyl aluminoxanes represented by the formula: 



25 



R*** /-Al-0-\ A1R ***2 



R*** / s 



30 



or oligomeric cyclic alkyl aluminoxanes of the formula: 



35 




40 



45 



50 



55 



wherein s is 1-40, preferably 10-20; £ is 3-40, preferably 3-20; and R*** is an alkyl group containing 1 to 12 carbon 
atoms, preferably methyl or an aryl radical such as a substituted or unsubstituted phenyl or naphthyl radical. In the 
case of MAO, R*** is methyl, whereas in MMAO, R*** is a mixture of methyl and C2 to C1 2 alkyl groups wherein methyl 
comprises about 20 to 80 percent by weight of the R*** group. 

[0031] The amount of activating cocatalyst and metallocene catalyst usefully employed in preparation of the catalyst 
composition, whether the catalyst composition is formed in situ as it is being introduced into the reaction zone or formed 
prior to introduction into the reaction zone, can vary over a wide range. When the cocatalyst is a branched or cyclic 
oligomeric poly(hydrocarbylaluminum oxide), the mole ratio of aluminum atoms contained in the poly(hydrocarbylalu- 
minum oxide) to metal atoms contained in the metallocene catalyst is generally in the range of from 2:1 to 100,000:1, 
preferably in the range of from 10:1 to 10,000:1, and most preferably in the range of from 50:1 to 2,000:1. When the 
cocatalyst is an ionic salt of the formula [A*][BR%-] or a boron alkyl of the formula BR* 3 , the mole ratio of boron atoms 
contained in the ionic salt or the boron alkyl to metal atoms contained in the metallocene catalyst is generally in the 
range of from 0.5:1 to 10:1, preferably in the range of from 1:1 to 5:1. 

[0032] The liquid catalyst can be composed of one or more of metal compounds in combination with one or more 
co-catalysts. Alternatively, ail or a portion of the co-catalyst can be fed separately from the metal compound(s) to the 
reactor. Promoters associated with any particularly polymerization are usually added to the reactor separately from 
the co-catalyst and/or metal compound(s). 

[0033] If the metal compound and/or the co-catalyst occurs naturally in liquid form, it can be introduced "neat" into 
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the particle lean zone. More likely, the liquid catalyst is introduced into the particle lean zone as a solution (single 
phase, or "true solution" using a solvent to dissolve the metal compound and/or co-catalyst), an emulsion (partially 
dissolving the catalyst components in a solvent), suspension, dispersion, or slurry (each having at least two phases). 
Preferably, the liquid catalyst employed is a solution or an emulsion, most preferably a solution. As used herein, 'liquid 
5 catalyst" or "liquid form" includes neat, solution, emulsion, and dispersions of the transition metal or rare earth metal 
component(s) of the catalyst and/or co-catalyst. 

[0034] The solvents that which can be utilized to form solutions of the soluble, unsupported transition metal and/or 
rare earth metal polymerization catalyst compounds are inert solvents, preferably non-functional hydrocarbon solvents, 
and may include aliphatic hydrocarbons such as butane, isobutane, ethane, propane, pentane, isopentane, hexane, 

10 heptane, octane, decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, meth- 
ylcyclopentane, cyclohexane, cycloctane, norbornane and ethylcyclohexane; aromatic hydrocarbons such as benzene, 
toluene, ethylbenzene, propylbenzene, butylbenzene, xylene and tetrahydrofuran; and petroleum fractions such as 
gasoline, kerosene and light oils. Likewise, halogenated hydrocarbons such as methylene chloride and chlorobenzene 
may also be utilized. By "inert" is meant that the material being referred to is non-deactivating in the polymerization 

15 reaction zone under the conditions of gas phase polymerization and is non-deactivating with the catalyst in or out of 
the reaction zone. By "non-functional", it is meant that the solvents do not contain groups such as strong polar groups 
which can deactivate the active catalyst metal sites. 

[0035] The concentration of the catalyst and/or co-catalyst that is in solution that is provided to the lean particle zone 
may be as high as the saturation point of the particular solvent being used. Preferably, the concentration is in the range 

20 of from 0.01 to 10,000 millimoles/liter. Of course, if the catalyst and/or co-catalyst is being used in its neat form, i.e., 
in its liquid state with no solvent, it will be comprised of essentially pure catalyst and/or co-catalyst, respectively. 
[0036] The size of the droplets formed when introducing the catalyst system into the reactor is generally determined 
by the manner and place in which the catalyst is introduced. It is desirable to use a means of introduction which is able 
to provide liquid droplets in the particle lean zone having an average diameter which is in the range of from 0.1 to 1000 

25 u,m, preferably within a range of 0.1 to 500 urn, most preferably ranging from 1 to 150 u.m. A narrow distribution of 
droplet size in a lower or mid range of 10 to 100 can prevent the formation of large agglomerates resulting from large 
droplets and the formation of fines resulting from small droplets. Under many conditions, however, a wide droplet size 
distribution is acceptable as the smaller droplets can agglomerate to some degree with the resin in the reactor and 
large droplets can form larger particles of up to 0.25 which can be readily fluidized as long as the particle fraction is 

30 low enough, preferably less than 10 % and more preferably less than 2% by weight of the total resin in the bed. 

[0037] Establishing a Resin Particle Lean Zone. A resin particle lean zone can be established in the reactor by feeding 
the catalyst in any manner such that the catalyst droplets do not immediately contact a substantial portion of the resin 
particles of the fluidized bed. The droplets of the unsupported catalyst in liquid form are introduced without immediately 
contacting growing polymer particles of the bed so as to provide an average polymer particle size (APS) ranging from 

35 0.25 to 1 .52 mm (0.01 to 0.06 inches). Generally, the particle density in the particle lean zone is at least 1 0 times lower 
than that in the fluidized bed. As disclosed in U.S. Patent No. 5,317,036, a liquid, unsupported catalyst is typically 
dispersed in a solvent such as isopentane and introduced into the fluidized bed using an inert carrier gas such as 
nitrogen. In the time period elapsing when the liquid catalyst in droplet form leaves the nozzle and contacts the particles 
in the bed, new polymer particles are formed. In the present invention, the time between the droplet leaving the nozzle 
and its contacting the particles in the bed ranges from 0.01 seconds to 60 seconds, preferably 0.01 to 30 seconds, 
and, most preferably, is 0.01 seconds to 5 seconds. 

[0038] A particle lean zone may be a section of the reactor which normally does not contain the fluidized bed, such 
as the disengaging section, the gas recirculation system, or the area below the distributor plate. The particle lean zone 
may also be created by deflecting resin away from the catalyst spray with a stream of gas. 

45 [0039] In a preferred embodiment of the present invention, the liquid catalyst in a carrier gas (e.g., nitrogen, argon, 
alkane, or mixtures thereof) is surrounded by at least one gas which serves to move or deflect resin particles of the 
bed out of the path of the liquid catalyst as it enters the fluidization zone and away from the area of catalyst entry, 
thereby providing a particle lean zone. In a particularly preferred embodiment, the liquid catalyst in the carrier gas is 
surrounded by at least two gases, the first gas serving primarily to deflect resin particles of the bed out of the path of 

50 the liquid catalyst and the second gas primarily prevents the injection tube or nozzle tip from getting clogged. As used 
in this application, when the liquid catalyst in the carrier gas is surrounded by two gases, the catalyst is considered to 
be shrouded. The first or particle-deflecting gas and the second or tip-cleaning gas can each be selected from the 
group consisting of recycle gas, monomer gas, chain transfer gas (e.g., hydrogen), insert gas or mixtures thereof. 
Preferably the particle-deflecting gas is all or a portion of the recycle gas and the tip-cleaning gas is all or a portion of 

55 a monomer (e.g., ethylene or propylene) employed in the process. 

[0040] Liquid catalyst in a carrier gas, particle-deflecting gas, and, when employed, the tip-cleaning gas can be 
introduced into the reactor at the same velocities to establish a particle lean zone. However, it is preferred that they 
enter the fluidization zone at differing velocities. Preferably, the liquid catalyst in the carrier gas is introduced at a 
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velocity of from 15 to 120 m/s (50 ft/s to 400 ft/s); the particle-deflecting gas is introduced at a velocity of from 3 to 46 
m/s (10 ft/s to 150 ft/s) and, when employed, the tip-cleaning gas ranges in velocity from 15 to 76 m/s (50 ft/s to 250 
ft/s). Preferably, the pressure of the particle-deflecting gas, and, when employed, the tip-cleaning gas is 70 to 340 kPa 
gauge (10 to 50 psig), preferably 140 to 210 kPa gauge (20 to 30 psig), higher than the pressure of the gas in the 

5 polymerization zone of the reactor. Typically, the particle-deflecting gas pressure ranges from 70 to 340 kPa gauge 
(10 to 50 psig); the tip-cleaning gas pressure, when employed, ranges from 340 to 1700 kPa gauge (50 to 250 psig); 
and the liquid catalyst/carrier gas pressure ranges from 340 to 1700 kPa gauge (50 to 250 psig). When the particle- 
deflecting gas is the recycle gas, it is a portion comprising 5 to 25 percent of the total recycle flow and is preferably 
removed from the discharge side of the compressor. When the tip-cleaning gas is the monomer gas, it is a portion 

10 comprising 2 to 40 percent of the total monomer flow. The particle-deflecting gas and the tip-cleaning gas can also 
optionally contain one or more antifoulants or antistatic agents known to those skilled in the art. While inert gases can 
be employed in the present invention as the particle-deflectirg and tip-cleaning gases, they can be impractical because 
they require increased reactor venting, thereby decreasing efficiency of monomer usage and increasing cost. 
[0041] Unsupported liquid catalyst can be introduced into the polymerization zone from the side, top, or bottom of 

15 the reactor. Side feeding the liquid catalyst is generally preferred, since it requires no or little modification of a conven- 
tional commercial reactor. When the liquid, unsupported catalyst is fed from a side location into the fluidization or 
polymerization zone of the reactor, it, along with the particle-deflecting gas and optional tip-cleaning gas, preferably 
enters the bed from a position that is 10 percent to 40 percent of the distance from the distributor plate to the top of 
the bed, most preferably 15 percent to 25 percent of the distance from the distributor plate to the top of the bed. When 

20 the liquid, unsupported catalyst is fed from the bottom of the reactor along with the particle-deflecting gas and optional 
tip-cleaning gas, it preferably enters the fluidized bed from a position that is at or near the center of the distributor plate 
in the bottom of the reactor to provide a particle lean zone. When the unsupported, liquid catalyst is introduced from 
a location in the top of the reactor, it is preferred that it enter in such a manner so as to avoid polymerization in the 
expanded zone of the reactor, and, therefore, is released in the reactor at the top or just immediately above the fluidized 

25 bed. This allows the catalyst droplets to additionally coat fines which can accumulate as dust above the top of the 
fluidized bed. 

[0042] Any catalyst delivery system that is capable of atomizing the liquid catalyst into droplets of the desired size 
and distribution and avoids plugging of the tip or nozzle can be employed in the present invention. One embodiment 
of a catalyst delivery system comprises a particle-deflecting gas tube enclosing an optional tip-cleaning gas tube which 

30 in turn encloses a catalyst injection tube. The particle-deflecting gas tube has a sufficient inside diameter for the insertion 
or mounting of the tip-cleaning gas tube. For a commerical fluidized bed reactor, typically the particle-deflecting gas 
tube has an inside diameter ranging from 5 to 30 cm (2 inches to 12 inches), preferably 10 to 15 cm (4 to 6 inches). 
The optional tip-cleaning gas tube, has an outside diameter capable of fitting inside the particle-deflecting gas tube. 
For a conventional reactor, typically the tip-cleaning gas tube has an inside diameter ranging from 1.3 to 3.8 cm (0.5 

35 inches to 1 .5 inches), preferably 1 .9 to 3.2 cm (0.75 to 1 .25 inches). 

[0043] The particle-deflecting gas tube can be flush with the inside wall of the reactor or lead edge (top surface) of 
the distributor plate, or, preferably, it can be extended beyond the inside wall of the reactor or lead edge of the distributor 
plate into the fluidization zone. Preferably the particle-deflecting gas tube is flush with the inside wall or top of the 
distributor plate. When employed the tip-cleaning gas tube can be positioned flush with, extended beyond, or recessed 

40 in the particle-deflecting gas tube. Preferably the tip-cleaning gas tube is flush with or recessed in the particle-deflecting 
gas tube. Most preferably the tip-cleaning gas tube is flush with the particle-deflecting gas tube. 
[0044] The catalyst injection tube or nozzle can be housed within the particle-deflecting gas tube, but is preferably 
housed within the tip-cleaning gas tube which is inside the particle-deflecting gas tube. Preferably the catalyst injection 
tube or nozzle is tapered at its tip to a fine or knife edge to minimize surface area for injector fouling and convenient 

45 entry to the reactor vessel. The catalyst injection tube or nozzle is secured or anchored to the inner wall of the particle- 
deflecting gas tube or preferably to the tip-cleaning gas tube by means of one or more fins or flanges. Stainless steel 
injection tubing and pneumatic spray nozzles are commercially available in a wide range of internal diameters and 
thicknesses such that tubing or nozzle size can easily be matched the the amount of catalyst solution feed. For a 
commercial-size fluidized bed reactor, tubing and nozzles having about a 3 mm (1/8-inch) inside diameter are employed. 

50 The orifice diameter in the spray nozzle tip is in the ranged of from 0.3 to 6.4 mm (0.01 inch to 0.25 inch), preferably 
from 0.5 to 3.8 mm (0.02 inch to 0.15 inch). The orifice diameter of the tip of the injection tube is between 1.3 to 6.4 
mm (0.95 inch to 0.25 inches), preferably between 2.5 to 5.1 (0.1 inch to 0.2 inches). Suitable nozzles can be obtained 
from Spraying Systems Corportation (Wheation, IL) and can include the 1/8 JJ Series having standard and customized 
configurations. For a given liquid catalyst and reactor polymerization conditions the catalyst liquid feed rates can be 

55 adjusted by one skilled in the art to obtain the desired droplet size and distribution. The catalyst injection tube or nozzle 
can be located flush, extended, or recessed with respect to the leading tip edge of the particle-deflecting gas tube and/ 
or optional tip-cleaning gas tube. 

[0045] In the absence of the tip-cleaning gas tube, the catalyst injection tube or nozzle can be located flush, extended, 
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or recessed with respect to the leading tip edge of the particle-deflecting gas tube. Preferably the catalyst injection 
tube or nozzle is located flush or extended with respect to the leading tip edge of the particle-deflecting gas tube in 
the absence of the tip-cleaning gas tube. Most preferably it is located flush in the particle-deflecting gas tube. When 
a tip-cleaning gas tube is employed in conjunction with the particle-deflecting gas tube, the catalyst injection tube or 
5 nozzle is extended beyond the leading edge of the tip-cleaning gas tube or flush with the leading edge to the tip- 
cleaning gas tube. Preferably, the catalyst injection tube or nozzle is extended 5 to 10 cm (2 to 4 inches) beyond the 
leading edge of the tip-cleaning gas tube, but recessed with respect to the particle-deflecting gas tube. 
[0046] All references cited herein are incorporated by reference. 

[0047] Whereas the scope of the invention is set forth in the appended claims, the following specific examples illus- 
10 trate certain aspects of the present invention. The examples are set forth for illustration only and are not to be construed 
as limitations on the invention, except as set forth in the claims. All parts and percentages are by weight unless otherwise 
specfied. 

EXAMPLES 

15 

Preparation of Liquid Metallocene Catalyst. 

[0048] Indene (available from Nippon Steel) and Zr(NEt 2 ) 4 (available from Boulder Scientific) were reacted in stoi- 
chiometric amounts to form lndZr(NEt 2 ) 3 . Gaseous carbon dioxide was bubbled through a 0.05 Molar solution of IndZr 
20 (NEt 2 ) 3 for fifteen minutes while being cooled with an ice bath. The solution was then sparged for fifteen minutes with 
nitrogen to remove excess carbon dioxide. 

Polymerization in Pilot-scale Fluidized Bed Reactor Using Liquid Metallocene Catalyst. 

25 [0049] In Examples 1 to 5, polymerizations were conducted in pilot-scale fluidized-bed reactors of 36 or 46 cm (14- 
or 18-inch) nominal diameter having a cylindrical section containing the fluidized-bed, an expanded section for disen- 
gagement of entrained resin, a gas compressor, a heat exchanger used for control of the resin temperature, and a 
product discharge system. The flowrate of reactant and inert gas through the reactor system was adjusted by a ball 
valve on the recycle line to provide a superficial gas velocity in the polymerization zone of 0.46 to 0.56 m/s (1 .5 to 1.8 

30 ft/s). The gas was circulated through the reactor at a rate between 3.6 and 5.9 tonne/hr (8,000 and 13,000 Ibs/hr). 
Resin was produced at a rate between 14 and 18 Kg/hr (30 and 40 Ibs/hr) to provide a resin residence time of 3 to 4 
hours. 

[0050] The liquid catalyst prepared above was metered to the reactor with a piston pump. Alumoxane cocatalyst was 
pressurized under 500-psi nitrogen and metered with a motor valve. The catalyst and cocatalyst were contacted in 

35 standard 3.2 or 6.4 nm (1/8 or 1/4") tubing tees and allowed to mix for several minutes before being diluted with 
isopentane. Mixing times varied between a few minutes and an hour, depending on the activation requirements of the 
catalyst. When an injection tube was used, the catalyst solution was mixed with nitrogen atomization gas just upstream 
of the reactor. When nozzles were used, the catalyst/coca talyst mixture was delivered to the nozzle separately from 
the nitrogen. Catalyst concentrations and feed rates, and cocatalyst feed rates are listed in Table I of the examples. 

40 The alumoxane was supplied by Akzo-Nobel and is designated as MMAO type 3A. This was mixed with an equal 
weight of purified isopentane to provide a 4.4 wt % Al solution, for convenience in handling. 

[0051] Reactor startup was accomplished by charging a seed bed and drying to less than 5 ppm water. The reactor 
was filled with monomer and inert gas to the desired levels and heated to the desired temperature. A nitrogen purge 
flow was maintained on the nozzles and/or injection tubes during this time. Cocatalyst flow was initiated, and once 
45 flowrate control was established, the catalyst feed was begun. Polymerization initiated immediately after the catalyst/ 
cocatalyst mixture reached the reactor. 

[0052] The average particle size was determined by a sieve analysis using ASTM D-1921 Method A. 

[0053] Liquid catalyst was sprayed into the pilot-scale reactor with three different injectors: (1 ) a commercial nozzle 

adapted from reactor use, (2) the same nozzle with an elongated air cap, and (3) a tapered injection tube. 

50 [0054] The commercial spray nozzle (1 ) consisted of a body, a liquid cap, and a tapered spraying tip. The liquid cap 
was purchased from Spraying Systems Co (1/8 J J series #PFJ1650). Liquid catalyst along with nitrogen for atomization 
was fed through coaxial tubing to the body of the nozzle, which housed the liquid cap. The body was 96 mm (5/8 inches) 
in diameter and 28.58 mm (1.125 inches) long. The spray was formed at the liquid cap and fed through the air cap to 
the reactor. The air cap was either purchased from Spraying Systems (#PAJ67147) as depicted in Figure 1, or was 

55 machine in-house to an elongated tapered air cap (2) as depicted in Figure 2. The nozzle tip was 3.8 cm (1.5 inches) 
long and was tapered over the last 1 .3 cm (0.5 inches) to reduce the accumulation of resin near the spray orifice. The 
orifice diameter was 1 mm (0.04 inches). The air cap was held onto the reactor with a retaining nut (Spraying Systems 
CP12582). The third type of injector, was a 3.2 mm (1/8 inch)-OD x 1.4 mm (0.055-inch )-ID stainless steel tube which 
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was tapered over the last 1 .3 cm (1/2 inch) to produc a sharp edge. This design produced in-house is depicted in Figure 
3. 

[0055] In examples 2 and 4, the spray nozzle illustrated in Figure 2 was enclosed in a shroud to avoid polymerization 
near the nozzle orifice, as shown in Figure 4. The shroud was made from 1.9 cm (0.75 inch) OD stainless steel tubing 
5 and was capped at the end with a machined tapered tip. The tip-cleaning gas was fed from behind the spray nozzle 
and passed around the 1 .6 cm (5/8 inch) adapter piece past the tip of the nozzle. 

[0056] For Examples 1 and 5, a commercial Spraying Systems Co. 1/8 J J nozzle was used with a J-1650 liquid cap 
and a PAJ671 47 air cap. The nozzle body was modified in-house to allow coaxial introduction of catalyst. For Examples 
2 and 4, a customized air cap nozzle, 1.5 inches long with a tapered tip was used. For these examples, the nozzles 
10 were located within a 1.9 cm (0.75-inch) tip-cleaning gas tube. For Example 3, a tapered 3.2 mm (1/8-inch) injection 
tube was used. 

[0057] In Example 1 (Comparative) (using a commercial spray nozzle), catalyst was fed through a spray nozzle at 
the side of the reactor, one foot above the distributor plate without providing a particle lean zone. The average particle 
size increased from 0.4 to 1.3 mm (0.016 to 0.0511 inches) soon after the reaction began, indicating that most of the 
15 new particles were agglomerating with the particles in the reactor. 

[0058] In Example 5 (employing a commercial spray nozzle), catalyst was sprayed at the top of the fluidized-bed 
into the expanded secton to produce small particles. 

[0059] In Example 4, catalyst was fed in a particle deflecting gas composed of recycle gas (193 kg/hr-426 Ibs/hr) 
from a standpipe in the center of the distributor plate (Figure 4). A stable APS of 1 mm (0.04 inches) was obtained. 
20 [0060] In Examples 2 (a tapered spray nozzle with a N 2 shroud) and 3 (an injection tube in a particle deflecting gas 
in the absence of a shroud), catalyst was fed surrounded by a particle deflecting gas of recycle gas into the side of the 
reactor about 30 cm (1 foot) above the plate in the absence of a tip-cleaning gas. This provided stable APS in the 0.64 
to 0.71 mm (0.025 to 0.028 inch) range. 

[0061] By feeding the catalyst in the stream of recycle gas, as done in Examples 2, 3, and 4, a particle-lean zone is 
25 provided in the jet or the resulting bubbles, so that the droplets can polymerize without adhering to the resin in the bed. 
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Polymerizations in a Commercial-scale Reactor with Solution Metallocene Catalyst 



[0062] The indenyl zirconium tris-diethyl carbamate catalyst was used to polymerize a ethylene-hexene copolymer 
(density 0.922, melt index 3) in a commercial-scale fluidized bed reactor. The reactor was nominally 2.4m (8 feet) in 

5 diameter and was operated with a bed height of 11 .6 to 12.8m (38 to 42 feet), and a superficial gas velocity of approx- 
imately 0.6 m/s (2 ft/s). Total reactor pressure was 1.86 MPa gauge (270 psig). A seed bed was charged to the reactor 
and it was dried to 50 ppm water. It was pressurized to 0.69 MPa gauge (100 psig) of nitrogen and then 36 kg/hr (80 
Ibs/hr) of 1 0% TEAL in isopentane were to the reactor over two hours and allowed to circulate for 1 hour The hexene- 
ethylene ratio was established at 0.028 and the temperature was adjusted. Atmer-163, a chemical marketed by ICI, 

10 was added as necessary to the reactor to control the buildup of electrostatic charge. 

[0063] Catalyst was mixed with MMAO 3A as received at 7.38 wt % Al. Additional dilution was performed by adding 
isopentane to the mixture. 

[0064] This liquid catalyst was introduced to the reactor with 6.4mm (1/4") OD stainless-steel injection tube of 4.6mm 
(0.18 inch) ID. For Examples 8 and 9, a 7.6cm (3-inch) length of tubing with a smaller ID was welded onto the end of 

15 the injection tube. The tube was located within a particle deflecting gas tube in Examples 8 and 9. For Examples 6, 7, 
and 8, the tip-cleaning gas tube extended 54 cm (23 inches) into the reactor at an elevation 6 inches above the distributor 
plate. For Example 9, the tip-cleaning gas tube extended 81 cm (32 inches) into the reactor at 2.4m (8 feet) above the 
plate. The injection tube was centered in the particle deflecting gas tube with tapered fins, and the tip of the injection 
tube extended 5 cm (2 inches) into the reactor beyond the end of the tip-cleaning gas tube. The ends of the injection 

20 tubes were tapered, to avoid accumulation of catalyst solution. The tip-cleaning gas tube was also tapered over the 
last 15 cm (6 inches). A stream of ethylene was fed through the annular space between the tip-cleaning gas tube and 
the catalyst injection tube. Example 8 demonstrated that stable particle size can be achieved with a combination of 
ethylene flowrate through the tip-cleaning gas tube, and with a high feed rate of nitrogen through the injection tube. 
[0065] Table III illustrates of the present invention in polymerization processes that produce different polymers under 

25 differing reaction conditions. 
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Claims 



1 . A process for producing a polymer in a gas fluidized bed reaction vessel having a polymerization zone containing 
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a bed of growing polymer particles under polymerization conditions which comprises: 

(i) continuously or intermittently introducing one or more monomers, optionally at least one diene, optionally 
at least one inert particulate material, and optionally one or more inert gases into the polymerization zone; 
5 (ii) continuously or intermittently introducing into the reaction vessel an unsupported polymerization catalyst 

in liquid form without immediately contacting the bed of growing polymer particles so as to provide a particle 
lean zone; 

(iii) continuously or intermittently withdrawing polymeric product from the reaction vessel; and 

(iv) continuously withdrawing unreacted monomers and gases from said polymerization and optionally corn- 
to pressing and cooling said gases while maintaining the temperature within the polymerization zone below the 

dew point of at least one monomer present in the polymerization zone. 

2. The process of Claim 1 wherein the droplets of the unsupported catalyst in liquid form are introduced without 
immediately contacting growing polymer particles of the bed so as to provide an average polymer particle size of 

15 0.25 to 1 .52 mm (0.01 to 0.06 inches). 

3. The process of Claim 2 wherein the liquid catalyst is in a carrier gas surrounded by at least one particle-deflecting 
gas having a velocity sufficient to deflect resin particles of the bed away from the path of the liquid catalyst as it 
enters the fluidization zone. 

20 

4. The process of Claim 3 wherein the liquid catalyst is in a carrier gas surrounded by at least one particle-deflecting 
gas and at least one tip-cleaning gas, each gas selected from the group consisting of recycle gas, monomer gas, 
chain transfer gas, and inert gas. 

25 5. The process of Claim 4 wherein the liquid catalyst in the carrier gas is introduced at a velocity of 15 to 120 m/s 
(50 to 400 ft/s); the particle deflecting gas is introduced at a velocity of 3 to 46 m/s (10 to 150 ft/s); and the tip- 
cleaning gas is introduced at a velocity of 15 to 76 m/s (50 to 250 ft/s). 

6. The process of Claim 4 or 5 wherein the particle-deflecting gas and the tip-cleaning gas is 70 to 340 kPa gauge 
30 (10 to 50 psig) higher in pressure than the gas in the polymerization zone of the reaction vessel. 

7. The process of any one of Claims 4 to 6 wherein the particle-deflecting gas is recycle gas and the tip-cleaning gas 
is monomer gas. 

35 8. The process of any one of claims 4 to 7 wherein the liquid catalyst is introduced by a catalyst delivery system 
comprising (i) a particle-deflecting gas tube enclosing a catalyst injection tube or nozzle or (ii) a particle-deflecting 
gas tube enclosing a tip-cleaning gas tube which in turn encloses a catalyst injection tube or nozzle. 

9. The process of any one of the preceding Claims wherein the liquid catalyst is selected from the group consisting 
40 of a metallocene catalyst, a rare earth catalyst, and mixtures thereof. 

10. The process of Claim 9 wherein the metallocene catalyst composition comprises 

(i) a catalyst precursor selected from the group consisting of 

45 
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and mixtures thereof 
wherein: 

M is Zr or Hf ; 

L is a substituted or unsubstituted, 7t-bonded ligand; 

each Q can be the same or different and is independently selected from the group consisting of -0-, -NR 3 -, 
-CR 3 2 - and -S-; 
Y is either C or S; 

Z is selected from the group consisting of -OR 3 , -NR 3 2 , -CR 3 3 , -SR 3 , -SiR 3 3 , -PR 3 2 and -H, with the proviso 
that when Q is -NR 3 - then Z is selected from the group consisting of -OR 3 , -NR 3 2 , -SR 3 , -SiR 3 3 , -PR 3 2 
and -H; 
n is 1 or 2; 

A is a univalent anionic group when n is 2 or A is a divalent anionic group when n is 1; 

R 3 can be the same or different and is independently a group containing carbon, silicon, nitrogen, oxygen, 

and/or phosphorus and one or more R 3 groups may optionally be attached to the L substituent; 

T is a bridging group selected from the group consisting of an alkylene or arylene group containing from 

1 to 10 carbon atoms, germanium, silicon and alkyl phosphine; and m is 1 to 7; and 

(ii) a co-catalyst. 

The process of Claim 9 or 10 wherein the rare earth catalyst is selected from the group consisting of a neodymium 
carboxylate, a neodymium alcoholate, a neodymium acetyl acetonate, a neodymium halide, a neodymium allyl 
derivative, and mixtures thereof. 
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12. The process of any one of the preceding Claims wherein the polymer being produced is selected from the group 
consisting of (a) ethylene homopolymers, ethylene copolymers, and ethylene terpolymers employing one or more 
C 3 -C 12 alpha olefins; (b) propylene homopolymers and propylene copolymers employing one or more C 4 -C 12 alpha 
olefins; (c) polybutadiene; and (d) ethylene propylene rubbers and ethylene propylene diene rubbers. 

13. The process of any one of the preceding Claims wherein the diene selected from the group consisting of 5-ethyl- 
idene-2-norbornene, 1,3-cyclopentadiene, 1 ,7-octadiene, 1,4-hexadiene, and mixtures thereof is employed. 

14. The process of any one of the preceding Claims wherein the inert particulate material selected from the group 
consisting of carbon black, silica, clay, talc, and mixtures thereof is employed. 



Patentanspruche 

1. Verfahren zur Herstellung eines Polymers in einem Gas-Flieftbett-ReaktionsgefalJ mit einer Polymerisationszone, 
55 die ein Bett aus wachsenden Polymerteilchen enthait, unter Polymerisationsbedingungen, welches umfafct: 

(i) kontinuieriiches oder absatzweises Einfuhren eines oder mehrerer Monomere, gegebenenfalls mindestens 
eines Diens, gegebenenfalls mindestens eines inerten teilchenformigen Materials, und gegebenenfalls eines 
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oder mehrerer Inertgase in die Polymerisationszone; 

(ii) kontinuieriiches oder absatzweises Einfuhren eines nicht-getragerten Polymerisationskatalysators in flus- 
siger Form in das Reaktionsgefafi ohne direktes Kontaktieren des Betts aus wachsenden Polymerteilchen, 
um eine Teilchen-arme Zone bereitzustellen; 
5 (iii) kontinuieriiche oder absatzweise Entnahme von Polymerprodukt aus dem ReaktionsgefaG; und 

(iv) kontinuieriicher Abzug von nicht umgesetzten Monomeren und Gasen aus der Polymerisation und gege- 
benenfalls Verdichten und Abkuhlen der Gase, wahrend die Temperatur innerhalb der Polymerisationszone 
unterhalb des Taupunkts mindestens eines in der Polymerisationszone vorhandenen Monomers gehalten wird. 

10 2. Verfahren nach Anspruch 1 , worin die Tropfchen des nicht-getragerten Katalysators in fiussiger Form ohne direktes 
Kontaktieren der wachsenden Polymerteilchen des Betts eingefuhrt werden, um eine durchschnittliche Polymer- 
Teilchengrofce von 0,25 bis 1,52 mm (0,01 bis 0,06 Zoll) bereitzustellen. 

3. Verfahren nach Anspruch 2, worin sich der flussige Katalysator in einem Tragergas beflndet, das von mindestens 
15 einem Teilchen-ablenkenden Gas umgeben ist, welches eine Geschwindigkeit hat, die ausreicht, um Harzteiichen 

aus dem Bett vom Weg des flussigen Katalysators bei dessen Eintritt in die Fluidisationszone abzulenken. 

4. Verfahren nach Anspruch 3, worin sich der flussige Katalysator in einem Tragergas befindet, das von mindestens 
einem Teilchen-ablenkenden Gas und mindestens einem Dusenspitzen-reinigenden Gas umgeben ist, wobei jedes 

20 Gas ausgewahlt ist aus der Gruppe bestehend aus Kreisgas, Monomergas, Kettenubertragungsgas und Inertgas. 

5. Verfahren nach Anspruch 4, worin der flussige Katalysator in dem Tragergas mit einer Geschwindigkeit von 15 
bis 120 m/s (50 bis 400 FufJ/s) eingefuhrt wird; das Teilchen-ablenkende Gas mit einer Geschwindigkeit von 3 bis 
46 m/s (10 bis 150 Fuft/s) eingefuhrt wird; und das Dusenspitzen-reinigende Gas mit einer Geschwindigkeit von 

25 15 bis 76 m/s (50 bis 250 Fuli/s) eingefuhrt wird. 

6. Verfahren nach Anspruch 4 oder 5, worin das Teilchen-ablenkende Gas und das Dusenspitzen-reinigende Gas 
einen um 70 bis 340 kPa (10 bis 50 psig) hoheren Oberdruck hat als das Gas in der Polymerisationszone des 
Reaktionsgefalies. 

30 

7. Verfahren nach irgendeinem der Anspruche 4 bis 6, worin das Teilchen-ablenkende Gas Kreisgas ist und das 
Dusenspitzen-reinigende Gas Monomergas ist. 

8. Verfahren nach irgendeinem der Anspruche 4 bis 7, worin der flussige Katalysator mit Hilfe eines Katalysator- 
35 Zufuhrsystems eingefuhrt wird, welches umfaftt (i) ein Rohr fur Teilchen-ablenkendes Gas, welches eine Kataly- 

sator-Einspritzrohre oder-duse umschlielit, oder (ii) ein Rohr fur Teilchen-ablenkendes Gas, welches eine Rohre 
fiir Dusenspitzen-reinigendes Gas umschliefM, die wiederum eine Katalysator-Einspritzrohre oder -duse um- 
schliefM. 

40 9. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin der flussige Katalysator ausgewahlt ist aus 
der Gruppe bestehend aus einem Metallocen-Katalysator, einem Seltenerd-Katalysator und Mischungen davon. 

10. Verfahren nach Anspruch 9, worin die Metallocen-Katalysatorzusammensetzung umfafit 

45 (j) eine Katalysator-Vorstufe, welche ausgewahlt ist aus der Gruppe bestehend aus 
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und Mischungen davon, worin: 
M Zr oder Hf bedeutet; 

L ein substituierter oder unsubstituierter rc-gebundener Ligand ist; jedes Q gleich oder verschieden sein 
20 kann und unabhSngig ausgewahlt ist aus der Gruppe bestehend aus -0-, -NR 3 -, -CR 3 2 - und -S-; 

Y entweder C oder S bedeutet; 

Z ausgewahlt ist aus der Gruppe bestehend aus -OR 3 , -NR 3 2 , -CR 3 3 , -SR 3 , -SiR 3 3> -PR 3 2 und -H, mit der 
Maftgabe, dafc wenn Q -NR 3 - ist, dann Z ausgewahlt ist aus der Gruppe bestehend aus -OR 3 , -NR 3 2 , 
<SR 3 , -SiR 3 3 , -PR 3 2 und -H; 
25 n 1 oder 2 betrSgt; 

A eine einwertige anionische Gruppe bedeutet, wenn n 2 ist, oder A eine zweiwertige anionische Gruppe 
bedeutet, wenn n 1 ist; 

R 3 gleich oder verschieden sein kann und unabhangig eine Kohlenstoff, Silicium, Stickstoff, Sauerstoff 
und/oder Phosphor enthaltende Gruppe bedeutet und eine oder mehrere Gruppen R 3 gegebenenfalls an 
30 den L-Substituenten gebunden sein konnen; 

T eine Bruckengruppe bedeutet, die ausgewahlt ist aus der Gruppe bestehend aus einer 1 bis 10 Koh- 
lenstoffatome enthattenden Alkylen- oder Arylengruppe, Germanium, Silicon und Alkylphosphin; und m 
1 bis 7 betragt; und 

35 (ii) einen Cokatalysator. 

11. Verfahren nach Anspruch 9 oder 10, worin der Seltenerd-Katalysator ausgewahlt ist aus der Gruppe bestehend 
aus einem Neodymcarboxylat, einem Neodymalkoholat, einem Neodymacetylacetonat, einem Neodymhalogenid, 
einem Neodymallylderivat und Mischungen davon. 

40 

12. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin das hergestellte Polymer ausgewahlt ist aus 
der Gruppe bestehend aus (a) Ethylen-Homopolymeren, Ethylen-Copolymeren und Ethylen-Terpolymeren unter 
Verwendung eines oder mehrerer C 3 -C 12 -a-Olefine; (b) Propylen-Homopolymeren und Propylen-Copolymeren 
unter Verwendung eines oder mehrerer C 4 -C 12 -a-Olefine; (c) Polybutadien; und (d) Ethylen-Propylen-Kautschu- 

45 ken und Ethylen-Propylen-Dien-Kautschuken. 

13. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin das aus der Gruppe bestehend aus 5-Ethyli- 
den-2-norbornen, 1 ,3-Cyclopentadien, 1 ,7-Octadien, 1 ,4-Hexadien und Mischungen davon ausgewahlte Dien ver- 
wendet wird. 

50 

14. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin das aus der Gruppe bestehend aus RuR, 
Kieselsaure, Tonerde, Talkum und Mischungen davon ausgewahlte inerte teilchenformige Material verwendet wird. 



55 Revendications 

1 . Procede pour la production d'un polymere dans un recipient de reaction a lit fluidis6 en phase gazeuse, comprenant 
une zone de polymerisation contenant un lit de particules de polymere en croissance, dans des conditions de 



20 



EP 0 811 637 B1 



polymerisation, qui comprend les etapes consistant : 

(i) a introduire de maniere continue ou intermittente un ou plusieurs monomeres, facultativement au moins un 
diene, facultativement au moins une matiere inerte en particules et facultativement un ou plusieurs gaz inertes 

5 dans la zone de polymerisation ; 

(ii) a introduire de maniere continue ou intermittente dans le recipient de reaction un catalyseur de polymeri- 
sation non fixe sur un support, sous forme liquide, sans mettre immediatement en contact le lit de particules 
de polymere en croissance de maniere a produire une zone pauvre en particules ; 

(iii) a decharger de maniere continue ou intermittente le produit polymere du recipient de reaction ; et 

10 (jv) a decharger de maniere continue les monomeres et gaz n'ayant pas reagi de ladite zone de polymerisation 

et, facultativement, a comprimer et refroidir lesdits gaz tout en maintenant la temperature a I'interieur de la 
zone de polymerisation a une valeur inferieure au point de rosee d'au moins un monomere present dans la 
zone de polymerisation. 

15 2. Procede suivant la revendication 1 , dans lequel les gouttelettes du catalyseur non fixe sur un support, sous forme 
liquide, sont introduces sans mettre immediatement en contact les particules de polymere en croissance du lit de 
maniere a parvenir a un diametre moyen de particules de polymere de 0,25 a 1,52 mm (0,01 a 0,06 inch). 

3. Procede suivant la revendication 2, dans lequel le catalyseur liquide est present dans un gaz servant de vehicule 
20 entoure par au moins un gaz de deflexion de particules ayant une vitesse suffisante pour devier les particules de 

resine du lit hors du trajet du catalyseur liquide lors de son entree dans la zone de fiuidisation. 

4. Procede suivant la revendication 3, dans lequel le catalyseur liquide est present dans un gaz servant de vehicule 
entoure par au moins un gaz de deflexion de particules et au moins un gaz de nettoyage d'embout, chaque gaz 

25 etant choisi dans le groupe consistant en un gaz de recyclage, un monomere gazeux, un gaz de transfert de chaine 

et un gaz inerte. 

5. Procede suivant la revendication 4, dans lequel le catalyseur liquide present dans le vehicule gazeux est introduit 
a une vitesse de 15 a 120 m/s (50 a 400 ft/s) ; le gaz de deflexion de particules est introduit a une vitesse de 3 a 

30 46 m/s (1 0 a 1 50 ft/s) ; et le gaz de nettoyage d'embout est introduit a une vitesse de 1 5 a 76 m/s (50 a 250 ft/s). 

6. Procede suivant la revendication 4 ou 5, dans lequel le gaz de deflexion de particules et le gaz de nettoyage 
d'embout ont une pression superieure de 70 a 340 kPa au manometre (10 a 50 psig) a la pression du gaz dans 
la zone de polymerisation du recipient de reaction. 

35 

7. Procede suivant Tune quelconque des revendications 4 a 6, dans lequel le gaz de deflexion de particules consiste 
en gaz de recyclage et le gaz de nettoyage d'embout consiste en monomere gazeux. 

8. Procede suivant Tune quelconque des revendications 4 a 7, dans lequel le catalyseur liquide est introduit par un 
<o systeme de distribution de catalyseur comprenant (i) un tube de gaz de deflexion de particules entourant un tube 

ou une buse d'injection de catalyseur ou (ii) un tube de gaz de deflexion de particules entourant un tube de gaz 
de nettoyage d'embout qui entoure lui-meme un tube ou une buse d'injection de catalyseur. 

9. Procede suivant I'une quelconque des revendications precedentes, dans lequel le catlayseur liquide est choisi 
45 dans le groupe consistant en un catalyseur a base de metallocene, un catalyseur a base de terre rare et leurs 

melanges. 

10. Procede suivant la revendication 9, dans lequel la composition de catalyseur a base de metallocene comprend 
50 (j) un precurseur de catalyseur choisi dans -le groupe consistant en 
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et leurs melanges 
20 formules dans lesquelles : 

M represente Zr ou Hf ; 

L represente un ligand a liaison n, substitue ou non substitue ; 

les groupes Q peuvent etre identiques ou differents et sont choisis chacun, independamment, dans le 
25 groupe consistant en -0-, -NR 3 -, -CR 3 2 - et -S- ; 

Y represente C ou S ; 

Z est choisi dans le groupe consistant en -OR 3 , -NR 3 2 , -CR 3 3 , -SR 3 , -SiR 3 3 , -FR 3 2 et -H, sous reserve 
que, lorsque Q represente un groupe -NR 3 -, alors Z soit choisi dans le groupe consistant en -OR 3 , -NR 3 2 , 
-SR 3 , -SiR 3 3 , -Pr 3 2 et -H ; 
30 n est egal a 1 ou 2 ; 

A represente un groupe anionique univalent lorsque n est egal a 2 ou bien A represente un groupe anio- 
nique divalent lorsque n est egal a 1 ; 

les groupes R 3 peuvent etre identiques ou differents et represented chacun, independamment, un groupe 
contenant du carbone, du silicium, de I'azote, de I'oxygene et/ou du phosphore, et un ou plusieurs groupes 
35 R 3 peuvent etre facultativement fixes au substituant L ; 

T represente un groupe de pontage choisi dans le groupe consistant en un groupe alkylene ou arylene 
contenant 1 a 10 atomes de carbone, le germanium, le silicium et une alkylphosphine ; et m a une valeur 
de 1 a 7 ; et 

40 (ii) un cocatalyseur. 

11. Procede suivant la revendication 9 ou 10, dans lequel le cataiyseur a base de terre rare est choisi dans le groupe 
consistant en un carboxylate de neodyme, un alcoolate de neodyme, un acetylacetonate de neodyme, un haloge- 
nure de neodyme, un derive allylique de neodyme et leurs melanges. 

45 

12. Procede suivant Tune quelconque des revendications precedentes, dans lequel le polymere produit est choisi dans 
le groupe consistant en (a) des homopolymeres d'ethylene, des copolymeres d'ethylene et des terpolymeres 
d'ethylene utilisant une ou plusieurs alpha-olefines en C 3 a C 12 ; (b) des homopolymeres de propylene et copoly- 
meres de propylene utilisant une ou plusieurs alpha-olefines en C 4 a C 12 ; (c) le polybutadiene ; et (d) des caout- 

50 choucs ethylene-propylene et des caoutchoucs ethylene-propylene-diene. 

13. Procede suivant Tune quelconque des revendications precedentes, dans lequel on utilise le diene choisi dans le 
groupe consistant en le 5-ethylidene-2-norbomene, le 1,3-cyclopentadiene, le 1 ,7-octadiene, le 1,4-hexadiene et 
leurs melanges. 

55 

14. Procede suivant Tune quelconque des revendications precedentes, dans lequel on utilise la matiere inerte en 
particules choisie dans le groupe consistant en le noir de carbone, la silice, une argile, le talc et leurs melanges. 
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Adaptor 




Jj — Spray Orifice 



Retaining 
Nut 

Figure 1. Profile of commercially available air cap mounted in custom 



adapter. 



Figure 2. Extended tapered "air-cap" for catalyst spray nozzle. 




Figure 3. Tapered injection tube tip. 




Figure 4. Catalyst spray nozzle enclosed in purging shroud. 
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